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USGS Ground Water 
Resources Program

Karst Hydrology 
Initiative Project
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Ground Water Resources Program 
(GWRP)
National program initiated in
1997 by the Office of Ground Water
to support:

Regional studies of ground-water systems, 
particularly shallow aquifers.
Evaluation of critical ground-water issues.
Improved access to ground-water data.
Ground water research and methods 
development.
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Karst Hydrology Initiative (KHI) 
Project 
Planned multi-year study effort

Collect and synthesize karst
hydrologic data for Interior Low 
Plateaus region (AL, IN, IL, KY, & 
TN).
Gain better understanding the 
hydrology of conduit-dominated 
karst flow systems (integrated 
SW & GW).
Develop or improve analytical  
and decision-support tools for 
karst hydrology.



The Karst Aquifer Continuum

GREATER LESSMATRIX POROSITYMATRIX POROSITY

DIFFUSE MIXED
RECHARGERECHARGE

CONCENTRATED

Devonian Chalk (England)

Floridan Aquifer

Interior Low Plateaus

Caribbean Islands

FLOWFLOW
SLOW; LAMINAR MIXED RAPID; TURBULENT

Edwards-Trinity Aquifer-TX

Appalachian Valley and Ridge

Ozark Plateau-MO, AK

(Porous Equivalent) (Conduit Dominated)

Madison Aquifer-SD

Traditional GW test and
modeling methods
do not work well.

Traditional GW test and
modeling methods

work well.
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Database ConstructionDatabase Construction

Database EnhancementDatabase Enhancement

Field Studies and Methods DevelopmentField Studies and Methods Development

Project WrapProject Wrap--UpUp
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Database Construction

Collect existing water-tracing and other
selected hydrogeologic data and develop 
a regional karst database using GIS 
technology.

Avoid duplication of effort at state level. 
Complement and collaborate with existing state 
programs.  
Will collect and synthesize as much of these data, 
& make use of existing GIS coverages, as possible.
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Tracing tests have been conducted by a variety of 
practitioners, under different hydrologic conditions, 

using various field and analytical test methods.

Developing an Access© tracer test database 
for data storage and management.

Sources include: state and federal water-resources agencies, 
some universities, consultants, 

local cave or karst conservation and recreation groups, and
published literature.

“Mining” Existing Data:
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Database Construction

Use ArcHydro© to build GIS-based data
models capable of managing karst geospatial
and time-series data.

“Dynamic” mapping of flow directions and
catchment areas of karst spring basins.
Integrates surface and subsurface flow regimes 
(Natl. Hydrographic Dataset stream reaches and 
watersheds).
Provides foundation for advanced water balance 
& basin hydrology studies, as well as a possible 
framework for future modeling efforts.
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Flow

Time

Time Series

Hydrography

Network

Channel

Drainage

ArcGIS Hydro Data Model

HydroFeatures

ArcHydro features and 
functions are 
designed for surface 
streams but can be 
modified to represent 
conduit-dominated
karst basins.
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Database Enhancement

Collecting base-flow and high-flow discharge
measurements from traced springs and sinking
streams.

Fundamental data needed for regional synthesis.
Normalized base flow (NBF) and other karst hydrology 
indicators.
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Field Studies

Conduct focused hydrologic studies 
to help characterize regional variability 
in recharge, storage, and discharge of
karst spring basins.

Select up to 12 “index” spring basins to study.
Use multiple, complementary study methods.
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Index Springs Data Collection:

Geochemical isotope 
sampling
(O-18, H-2, DIC, C-13DIC, SO4)

Quantitative dye-tracer 
tests
(dye breakthrough curves)

Continuous Discharge & 
Hydrologic Pulse Monitoring

(Temp, Sp. Conductance, pH)

Discharge hydrograph and chemograph for the July 1996 high-flow event at Pleasant Grove Spring.
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Methods Development 

Research and evaluate new methods
for spring response and water
balance analyses, including transfer
functions and catchment hydrology
models, as tools for characterizing
regional karst hydrology. 



14

Dye breakthrough curve 
analysis.

Spectral and transfer
function analysis of spring

response (Discharge, hydrologic

pulse, and geochemical isotope data).

Numerical catchment

models (TOPMODEL, GNNs, etc.).

Show great promise for predictive modeling 
of changes in storage & flow, water-quality conditions,

and contaminant transport.

Need refinement, more thorough evaluation, 
and simplification to be of practical use.  

Excellent tools for investigation & quantitative 
characterization of spring and basin hydrologic 

properties. 

Methods Development
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An Overarching Project Goal:

Facilitate and strengthen
collaboration between USGS, other
federal and state agencies,
universities, and other karst research
and resource-management groups.
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KHI Objectives

Stronger collaboration will improve:Stronger collaboration will improve:

Identification of Identification of karstkarst research needs.research needs.

Collection and analysis of Collection and analysis of karstkarst data.data.

Data accessibility and usefulness.Data accessibility and usefulness.
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